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of protein animal food sources, especially in developed countries (Guillamon et al., 2010). Kakon et al. (2012) reported that mushroom proteins contain all nine essential amino acids required by humans, enabling their use as a substitute for a meat diet. The amino acids found in A. bisporus in the highest amounts are alanine, aspartic acid, glutamic acid, arginine, leucine, lysine, phenylalanine, serine, proline, tyrosine and threonine (Muszyńska et al., 2013) . Moreover, Muslat et al. (2014) reported that A. bisporus contains the essential amino acids useful as a food for the human health including cystine and methionine and threonine and valine and isoleucine and leucine and lysine and tyrosine and phenylalanine.
Carbohydrate and Fiber
Mushroom carbohydrates are not a major source of energy for humans. Digestible carbohydrates include mannitol and glucose, usually present in very small amounts (less than 1% DW) and glycogen (5-10% DW) while nondigestible carbohydrates include oligosaccharides such as trehalose and nonstarch polysaccharides (NSPs) such as chitin, β-glucans and mannans, which are the major portion of mushroom carbohydrates (Cheung et al., 2010) . Reis et al. (2012) reported that mannitol and trehalose were abundant sugars in the studied cultivated edible mushrooms, mannitol predominated in A. bisporus (white and brown mushrooms). Dietary fiber includes components of fungal cell walls such as chitin (Maftoun et al., 2015) , hemi-celluloses, mannans and beta glucans play a key role in some healthy properties of mushrooms (Cheung, 2009) . Nitschiske et al. (2011) determined that chitin content of A. bisporus was 9.60 g/100 g DM. Cherno et al. (2013) reported that A. bisporus contains 2 times more chitin than P. ostreatus. Similirly, Vetter (2007) determined that A. bisporus had higher chitin level than had P. ostreatus, L. edodes.
Mineral content
Mushrooms are known to be an excellent accumulator of minerals from the environment in which they grow. Owaid (2015) reported that A. bisporus a good source of K, Fe, Zn, Cu, Na, Se, nM dCa oC . The main constituents in mushroom fruiting bodies are potassium and phosphorus and are usually followed by Ca, Mg, Na and Fe, Zn (Guillamon et al., 2010; Falandysz and Borovička, 2013).
Mohiuddin et al. (2015)
Agaricus bisporus fruitbodies from different locations of Bangladesh, were analysed for their minaral content profile . The mineral content of samples ranged from 0.54-1.58% for potassium and 37.2-61.9 μg/g for sodium, 143.6-396 μg/g for ferrum, 54.6-163.4 μg g-1 for copper, 36.6-58.0 μg/g for zinc, 56.2-91.1 μg/g for manganes. Caglarirmak (2009) determinated that zinc (8.1-7.0 mg/kg), ferrum (7.4-7.9 mg/kg), phosphore (7.4-7.9 mg/kg), magnessium (88.0-76.3 mg/kg), potassium (213.3-238.8 mg/kg), sodium (2652-2500 mg/kg) and calcium (534.2-554.8 mg/kg) contents, while Ahlavat et al. (2016) they found that sodium (500.8 mg/kg), potassium (4.21%) and selenium (1.34 mg/kg) of A. bisporus fruitbodies. Selenium is an essential micronutrient for humans and animals (Lu and Holmgren, 2009). Turto et al. (2010) reported that most wild growing and farm edible mushroom species including A. bisporus are poor selenium sources with a concentration of less than 1 µg/g (dried weight). On the other hand, Maseko et al. (2013) suggested that the Se concentration in A. bisporus cultivated in growth compost irrigated with sodium selenite solution can be increased. They determined that selenium contents of mushroom proteins increased from 13.8 to 60.1 and from 14.1 to 137 µg/g in caps and stalks by irrigated with sodium selenite solution. Maseko et al. (2014) investigated the effect of dietary supplementation with Se-enriched A. bisporus on cytosolic glutathione peroxidase-1 (GPx-1), gastrointestinal specific glutathione peroxidase-2 (GPx-2), thioredoxin reductase-1 (TrxR-1) and selenoprotein P (SeP) mRNA expression and GPx-1 enzyme activity in rat colon and they reported that the activity of colonic GPx-1 in rats provide evidence for its potential anti-cancer use.
Vitamins
Some authors have considered mushrooms as a good source of vitamins. It was reported that the most abundant vitamin in Agaricus is niacin, followed by riboflavin. Other vitamins include vitamin B1, vitamin B3, L-ascorbic acid and α-tocopherol (Bernas & Jaworska, 2016) . Çağlaırmak, (2009) also reported that brown A. bisporus (portobello mushroom) is a good source of folic acid (0.09-0.08 mg/ kg), riboflavin(0.27-0.29 mg/kg), niacin (3.6-2.9 mg/kg), and thiamin (0.085-0.09 mg/kg), while not rich in vitamin C content. On the other hand, Furlany and Godoy (2008) determined that the mean level of vitamin B1 for fresh A. bisporus was 0.03 mg/100 g while vitamin B2 for the A. bisporus mushroom was 0.25 mg/100 g. They reported that although Vitamin B2 contents in A. bisporus, Lentinula edodes and Pleurotus spp. with exception of mushroom in conserve, are higher than the levels present in many vegetables, mushrooms could not be considered as significant sources of B1 and B2 vitamins, since their contribution in terms of these vitamins to the diet is not significant although they may contribute to the sums of these nutrients in the diet. (Simon et al., 2011) . The absence of vitamin D in cultivated Agaricus bisporus could be due to cultivation in dark (Reis et al., 2012) 
Fatty acids
Agaricus bisporus is low in fat content, but they contain some essential fatty acids such as linoleic acid. Barros et al. (2008) reported that wild Agaricus spp. contained a lower value of monounsaturated fatty acids but also a higher content of polyunsaturated fatty acids than the commercial species, due to the higher contribution of linoleic acid. Total amounts of fatty acids ranged from 180 to 5818 mg/kg dry matter in the A. bisporus strains tested and almost 90% of the fatty acids in A. bisporus is linoleic acid on average ( 
Soluble sugar and volatile compounds
Flavor and taste represent the most important quality attribute contributing to the widespread consumption of cultivated mushrooms. The taste of mushroom is the umami or palatable tastes or the perception of satisfaction, which is an overall food flavor sensation induced or enhanced by monosodium glutamate (MSG). The contents of MSG-like (aspartic and glutamic acids) and sweet components (alanine, glycine, and threonine) total soluble sugars and polyols were considerately higher in edible mushrooms and might be sufficient to suppress and cover the bitter taste arising from the contents of bitter components. The content of monosodium glutamate-like components is in the range from 10.6 mg/g to 13.5 mg/g and similar to those of sweet components (11.4-14.3 mg/g) but lower than those of bitter components (19.7-26.9 bisporus fruitbodies while glucose was the second highest and its contents were in the range of 17.6-28.1 mg/g in different mature stages. Moreover, they suggested that the high amount of sugars and polyols, especially mannitol, would give rise to a sweet perception, and not to the typical mushroom taste. Taste in mushrooms is linked both to volatile and non-volatile compounds. The terpenes, lactones, amino acids, and carbohydrates of their composition determine a range of precious aromas and flavor properties to their fruiting body and mycelial biomass (Smiderle et al., 2012). Taşkın et al. (2013) identified totally 28 aroma compounds of A. bisporus. In this study, alcohols were detected to be the major compounds and 1-octen-3-ol was found to be the major alcohol.
Medicinal importance of A. bisporus
There is an increasing interest in extracting bioactive ingredients from mushrooms for developing functional foods. A. bisporus have a very good history of using in many traditional therapies. The use of A. bisporus extracts and/or its bioactive compounds as antioxidant, anti-cancer and anti-inflammation is increasing in the world against many human diseases such as coronary heart diseases, diabetes mellitus, bacterial and fungal infections, disorders of the human immune system and cancers (Dhamodharan and Mirunalini, 2010). acetylcholinesterase and butyrylcholinesterase inhibiting activity. Mohamed (2012) determined that a total 174 significant metabolites in ethanolic extracts of Agaricus bisporus samples by using GC/MS method between <1 to 83% (w/w) classified into twelve categories. These metabolites had numerous medicinal activities such as anti-cancer, anti-cardiovascular diseases, anti-hypercholesterol, antimicrobial, hepatoprotective, human health supporting and immune enhancer. The main medical properties of A. bisporus were presented in the following section.
Anticancer
Cancer is one of the deadliest diseases in the world. Recently, purified some natural active component from mushrooms such as polysaccharides exhibited the significant anti-cancer activity toward various cancer cell lines. Basidiomycota is known to present medicinal characteristics, which are being attributed to its glucan and other polysaccharide. The polysaccharides generally belong to the beta-glucan family of compounds and appear to exert their anti-tumorigenic effects via enhancement of cellular immunity. 
Antihyperlipidemic
Hyperlipidemia, represented by increased levels of triglycerides or cholesterol, is a dominant risk factor that contributes to the progression and development of subsequent cardiovascular disease and atherosclerosis, which is one of the most serious diseases in humans (Esmaillzadeh and Azatbakth, 2008). Phytosterols derive reduce cholesterol absorption, thereby having the capacity to lower plasma cholesterol and LDL cholesterol (Lin et al., 2009 ). The identified sterols in A. bisporus are ergosta-7,22-dienol, ergosta-5,7-dienol, and ergosta-7-enol (fungisterol) (Teichmann et al., 2007) . Lovastatin is a statin drug, used for lowering cholesterol (hypolipidemic agent) in those with hypercholesterolemia to reduce the risk of cardiovascular disease (Xu   et al., 2013). Yang et al. (2016) demonstrated that lovastatin exerts anti-cancer effects in the triple-negative breast cancer cell line MDA-MB-231. Chen et al. (2012) reported that Agaricus bisporus contained the 565.4 mg/kg of lovastatin and suggested also that white button mushroom A. bisporus reduce the cholesterol level in serum and/or liver. Jeong et al. (2010) examined the hypothesis that intake of the fruiting bodies of A. bisporus regulates antiglycemic and anticholesterolemic responses in rats fed a hypercholesterolemic diet (14% fat and 0.5% cholesterol) and rats with type 2 diabetes induced by injection of streptozotocin (STZ) (50 mg/kg body weight) and they reported that A.bisporus mushroom had both possesses antiglycemic and antihypercholesterolemic effects in rats. Moreover, it has a positive influence on lipid metabolism and liver function.
Antidiabetic
A. bisporus contains high levels of dietary fibers and antioxidants including vitamin C, D, and B12; folates and polyphenols that may provide beneficial effects on cardiovascular and diabetic diseases (Jeong et al., 2010) (2010) reported that the oral application of high doses of A. bisporus extract may result in decreased severity of streptozotocin-induced diabetes in rat. The streptozotocin induced diabetic male Sprague-Dawley rats fed the A. bisporus powder (200 mg/kg of body weight) for three weeks had significantly reduced triglyceride (TG) and plasma glucose concentrations to 39.1% and 24.7% respectively, liver enzyme activities, aspartate aminotransferase and alanine aminotransferase to 15.7% and 11.7% respectively, and liver weight gain (Jeong et al., 2010) . Volman et al. (2010) investigated the effects of alpha-glucans from A. bisporus. They reported that consumption of alpha-glucans of A. bisporus mushroom lowered producing lipopolysaccharide-induced TNFa by 69% compared to the control group, whereas no effect on IL-1b and IL-6 was observed. .28 µg/100 g fw), β-tocopherol (0.85 µg/100 g fw and 0.71 µg/100 g fw), γ-tocopherol (1.51 µg/100 g fw and 7.63 µg/100 g fw) and δ-tocopherol (2.60 µg/100 g fw and 2.54 µg/100 g fw) in fruit bodies of white A. bisporus and brown A. bisporus, respectively. Seratonin is a biochemical compound that has got antioxidant ability (Sarikaya and Gulcin, 2013) . Antioxidant actions of seratonin and its ability to prevent the progress of Alzheimer's disease were also referred by Mirunalini, S. (2010) . A novel medicinal characterization of Agaricus bisporus (white button mushroom). Pharmacologyonline, 2, 456-463. Dhamodharan, G., Mirunalini, S. (2012) . Dose response study of Agaricus bisporus (White button mushroom) and its encapsulated chitosan nanoparticles against 7,12 Dimethylbenz(a)anthracene induced mammary carcinogenesis in female Sprague-dawley rats. International Journal of Pharmacy and Pharmaceutical Sciences, 4(4), 348-354. Dhanasekaran, D., Latha, S., Saha, S., Thajuddin, N. & Panneerselvam, A. (2013) 
